ii) Underpotential deposition (UPD) of Li onto polycrystalline PA.
The results provided conclusive evidence (except for impurity effects)
that the electrochemical behavior observed in UHV is indeed characteristic of the systems selected for these studies, and therefore, is not affected in any discernible way by the ultralow pressures.
In the case of Li UPD on polycrystalline Au, the voltammetric curves were similar to those observed in liquid non-aqueous solvent electrolytes, displaying deposition and stripping peaks with a charge equivalent to the adsorption and desorption of a single Li+ per surface site. (not shovm in the figure) and controlled manually by adjusting the output of the power supply. Electrical connection to the HOPG was achieved with a wire (not shown in the figure) spot welded to a 0.10 cm2 piece of Ta trapped between the circular mica spacer and the back of the specimen (not shown in the figure) . Just before transferring the HOPG specimen to the main chamber, a fresh, clean HOPG basal plane was exposed by cleaving the surface with adhesive tape. A series of heating cycles were performed up to 1000 K to remove water and oxygen from the HOPG(bp) as evidenced by AES.
I. INTRODUCTION
The Au(po1y) electrode was mounted on the same special holder (see above) and cleaned by a series of Ar+-sputtering, and occasionally, thermal annealing cycles until the AES spectra displayed features characteristic of clean metallic Au with only minor contributions (<1% AES signal) from oxygen and carbon impurities.
Auger electron spectra were recorded in the derivative mode ( 5 V peakto-peak modulation at 17 Mlz) with the electron beam ( 3 keV 2 lOeV at 5 i-1 PA) normal to the specimen.
c. Ultrapurification of poly(ethy1ene oxide)
Poly(ethy1ene oxide) (PEO) (Aldrich, 600 , 000 molecular weight) was purified by dialysis to remove calcium (ca. 0.003%) derived from traces of the polymerization initiator (calcium amide) and other impurities. The cellulose dialysis bags (Sigma. Chem. C o . ) , were cleaned by first rinsing with distilled water followed by boiling in an ethanol/water mixture (1:l)
for one hour and finally rinsing again with distilled water. The PEO was placed in the bags and dialyzed in water for 48 hours, changing the solvent every' 2 -3 hours the first day, and every 4 -5 hours the second day. After this procedure was completed the PEO/water solution was evapora1:ed to dryness in a Rotavap.
d. Preparation of PEO/LiC104 Films
Poly(ethy1ene oxide) film electrolytes were prepared with ultrapurified PEO/LiC104 acetonitrile solutions as described elsewhere , except that the films were dried in a vacuum dessicator equipped with heating capabilities installed inside a high-quality glove box (Vacuum Atmospheres) with oxygen and humidity sensors. A calibrated Variac and a thermocouple were used to set the appropriate temperature. In this fashion, the PEO films are never exposed to the ambient atmosphere. 12.7 mm x 51 mm) was mounted on both plates. The temperature was monitored with a thermocouple (J-type) inserted into the aluminum plate, next to the nickel-coated glass and controlled (within 1 to 2 degrees) using an Omega CN4400 controller. h. Two-, versus three-electrode cell arrangement A few measurements were performed in the glove box to examine the behavior of a two-electrode cell, like the one involved in the UHV experiments (see above), with that of a three-electrode cell. For these experiments, a section of the slide described in Section f, was isolated electrically from the rest of the evaporated gold film by mechanically removing a ca. 50 pm wide strip. After the cell 'was assembled and heated, lithium was electrodeposited on one section of the gold film (using the Li foil as a counter electrode) which was used as a reference electrode.
Experiments involving the deposition and stripping of bulk Au indicated that, except for a shift in potential, there are no differences between the results obtained using the same cell in the three-electrode or two-electrode mode (see Fig. 2 ).
i. Other Experimental Considerations
Once the sandwich-type electrochemical cell was assembled, i-t was heated to the desired temperature allowing several minutes for the overall system to stabilize before data acquisition was initiated. Except where otherwise noted, all potentials are reported with respect to the Li[C/R].
Although electrochemical measurements were performed over the range 50 - No attempts were made to conduct variable angle take-off AES/XPS or depth profiling to determine spectroscopically the depth of penetration of Li into the HOPG lattice. Long-term experiments in which the HOPG(bp) was polarized for about three days at a potential just positive to lithium bulk deposition, however, did produce in some regions a distinct golden color characteristic of LiC6, which persisted for over one day in the glove box.
After carefully removing a layer no thicker than a few microns, the exposed surface was that of bare HOPG(bp) without visual signs of Li intercalation.
Although largely qualitative, these observations suggest that Li ions do not diffuse very far, nor very fast into the HOPG lattice.
Immediately after recording this series of voltammograms, the HOPG ( eV AES peak in the spectra recorded at 48OC while the specimen was cooling down to room temperature (see Curve B, Fig. 3 ) .
A quantitative analysis of this AES spectra, based on the homogeneous attenuation model, indicates that the total AES signal associated with oxygen, chlorine, sulfur and nitrogen is below 8%. According to these data, the relative amount of oxygen to chlorine, corrected by their respective sensitivity factors, is close to 4 to 1. Since chlorine is not found in the pristine HOPG(bp) specimens, the oxygen and chlorine was attributed to a trace of perchlorate ion from Lid104 on the HOPG surface. As is well known, perchlorate ions are labile to reduction by electron and X-ray beams; hence, the presence of chlorine on the surface is understandable. Both nitrogen and sulfur, at very low levels, were found in the majority of HOPG (bp) The peak centered at 0.76 V in the first (and subsequent) scan(s) in the negative direction are attributed to the UPD of Li on Au(po1y) .12 The increase in the current at more negative potentials is due to the inc:ipient
Li/Au alloy formation, which is followed at ca. 0.1 V by Li bulk deposition, as signaled by the characteristic nucleation/growth loop.
Evidence for alloy formation was also obtained from virtually identical UHV experiments involving UPD of Li on Ni, a metal that does not form an alloy with Li. As will be shown elsewhere,13 no monotonic increase in the (negative) current was observed in such case up to the onset of Li bulk deposition.
,
The peaks observed at the most negative potentials, upon reversing the scan, correspond to the dissolution of the alloy(s) with some contribution due to bulk Li.12 The last feature centered at 0.97 V obsenred in the scan in the positive direction is due to the stripping of the UPD Li layer.
Further evidence for the complementary character of the UPD peaks was obtained by reversing the scan in the negative direction at a potential more positive than that required for Li bulk deposition. This is illustrated in The results shown in Fig. 6 are remarkably similar to those ofitained for the same type of PEO/LiC104 film (after a few cycles) in a glovebox at 55OC under one atmosphere pressure of an inert gas (see Fig. 8 ) . This observation supports the claims made recently in this laboratory regarding the intercalation of lithium into HOPG(bp) from the same type of PEO-based electrolyte, i.e. the UHV environment does not affect the overall electrochemical behavior of the interface recorded at atmospheric pre,: = sures .
Further proof of the conventional character of the electrochemical response of the cell in UHV is given in Fig. 9 , which shows a voltanunetric curve recorded at 50 mV/s at potentials between -0.5 and 2.5 V. The features observed are characteristic of Li bulk deposition and stripping in this media and are nearly identical to those obtained at atmospheric pressure in the glove box (see Fig. 2 ) .
The melting point of neat (salt-free) PEO films prepared in this fashion determined by differential scanning calorimetry is ca. 55 -60°C;14 therefore, some of the measurements presented hereZn were performed, in the strict sense, in a liquid electrolyte. ii) a systematic study of the UPD of Li on a wide variety of substrates, V.
IV. CONCLUDING REMARKS
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